Background: Biased causal attribution is a critical factor in the cognitive model of depression. Whereas depressed patients interpret events negatively, healthy people show a self-serving bias (internal attribution of positive events and external attribution of negative events). Methods: Using fMRI, depressed patients (n = 15) and healthy controls (n = 15) were confronted with positive and negative social events and made causal attributions (internal vs. external). Functional data were analyzed using a mixed effects model. Results: Behaviourally, controls showed a self-serving bias, whereas patients demonstrated a balanced attributional pattern. Analysis of functional data revealed a significant group difference in a fronto-temporal network. Higher activation of this network was associated with non self-serving attributions in controls but self-serving attributions in patients. Applying a psycho-physiological interaction analysis, we observed reduced coupling between a dorsomedial PFC seed region and limbic areas during self-serving attributions in patients compared to controls. Limitations: Results of the PPI analysis are preliminary given the liberal statistical threshold. Conclusions: The association of the behaviourally less frequent attributional pattern with activation in a fronto-temporal network suggests that non self-serving responses may produce a selfrelated response conflict in controls, while self-serving responses produce this conflict in patients. Moreover, attribution-modulated coupling between the dorsomedial PFC and limbic regions was weaker in patients than controls. This preliminary finding suggests that depression may be associated with disturbances in fronto-limbic coupling during attributional decisions. Our results implicate that treatment of major depression may benefit from approaches that facilitate reinterpretation of emotional events in a more positive, more self-serving way.
Introduction
Beck's cognitive model of depression (Beck, 2008) postulates that negatively biased information processing is critical in the pathogenesis and maintenance of depressive symptoms. A critical element in this model is a change in causal attribution, i.e., the inference one draws regarding the cause of Journal of Affective Disorders 138 (2012) [268] [269] [270] [271] [272] [273] [274] [275] [276] an event. One can feel responsible (internal attribution) for an event or one can attribute the cause of an event to other people or the situation (external attribution). Healthy people display a so-called "self-serving" bias: they feel responsible for positive events, but assign external causes to negative events (Snyder and Uranowitz, 1978) . Although this self-serving bias often may not reflect reality accurately, it is thought to serve a psychologically protective function (Chandler et al., 1997 ). In contrast, depressed patients show a so-called "depressive realism" (Moritz et al., 2007) or a "non self-serving" bias (Diez-Alegria et al., 2006) . The non self-serving bias is characterized by internal attribution of negative events in combination with external attribution of positive events. Despite the critical role this attributional bias is thought to play in major depression, the neural correlates of this cognitive process have not been examined.
In a previous fMRI study (Seidel et al., 2010) healthy subjects viewed short sentences describing positive and negative social events. They were asked to imagine the event happening, decide the main cause and assign it to one of two categories: themselves (internal) or another person/situation (external). Here, the self-serving tendency was associated with activation in the dorsal part of the striatum, suggesting that self-serving attributions have a rewarding effect (e.g., Hikosaka et al., 2008) .
Based on these findings and behavioural studies in depression (Diez-Alegria et al., 2006; Moritz et al., 2007) , in the current experiment we expected depressed patients to show less "self-serving" attributions on the behavioural level. On the brain level, we hypothesized that a reduced activity of the reward system in depressed patients (e.g., Pizzagalli et al., 2009 ) is associated with the frequency of "self-serving" attributional decisions in depressed patients. Since self-related processes are required by the task, we predicted, based on previous evidence (Grimm et al., 2009; Lemogne et al., 2009) , that depressed patients will show altered neural responses in brain regions associated with self-processing, such as the medial PFC (Andrews-Hanna et al., 2010; Northoff et al., 2006) .
Finally, we used an exploratory psycho-physiological interaction (PPI) analysis to examine aberrant interactions among fronto-limbic brain regions. Here, we hypothesize fronto-limbic neural circuits to be altered in depressed patients (Johnstone et al., 2007; Sheline et al., 2009 ).
Methods and materials

Participants
Fifteen depressed patients (9 females) meeting DSM-IV criteria for major depression and 15 healthy controls (9 females) matched for gender, age and education participated. All subjects were native German speakers and right-handed as assessed by the Edinburgh Inventory (Oldfield, 1971) . The study was approved by the local Institutional Review Board and conducted according to the Declaration of Helsinki (1989) . Written informed consent was obtained and all subjects were paid for their participation (€30).
Patients were recruited from the inpatient units of the Department of Psychiatry and Psychotherapy, University Hospital Aachen. They had no substance abuse for the last six months and no co-morbid psychiatric (axis I or II) or neurological illness, as assessed by the German version of the Structured Clinical Interview for DSM (SCID; Wittchen et al., 1998) . None of these patients experienced psychotic symptoms during the current or previous episodes. Severity of affective symptoms was assessed with the Beck Depression Inventory (mean =25.6, SD=6.05; BDI; Beck et al., 1961) and the 17-item Hamilton Depression Rating Scale (mean=19.87, SD=7.30; HAMD; Hamilton, 1960) . The mean age of onset was 29.47 years (SD=10.81), with mean illness duration of 4.67 years (SD=7.12) and mean number of previous episodes 1.39 (SD=0.65). All but two of the depressed patients were taking psychotropic medication at the time of testing (SSRI [n=2] 
The non-psychiatric control group consisted of 15 healthy adults with no history of psychiatric or neurological illness (including head trauma with loss of consciousness) in themselves and in their first degree relatives. They were recruited via advertisements.
All participants completed a neuropsychological test battery assessing executive functions (TMT-A/B; Reitan, 1956) , and working memory (digit span, WAIS III; Von Aster et al., 2006) . To estimate the subjects' self-esteem we applied the German version (Ferring and Filipp, 1996) of the Rosenberg Self-Esteem Scale (RSES; (Rosenberg, 1965) . For demographic and neuropsychological data see Table 1 .
Task
The experimental paradigm has been validated and described in detail in our previous study (Seidel et al., 2010) . Briefly, participants were presented with 80 sentences describing 40 positive (e.g., "A friend sent you a postcard.") and 40 negative (e.g., "A friend ignored you.") social events. Participants were asked to imagine the event happening to them and select the most likely cause with a button press: self (internal), and another person/ situation (external). In a response triggered design, these stimuli, together with the response categories, were presented maximally 10 s or until a response was given, which was on average after around 4 s. Each trial was followed by a jittered inter-stimulus interval (1.9-4.3 s) of a fixation cross.
Behavioural data analysis
Behavioural statistical analyses were performed using SPSS 16.0 (Statistical Packages for the Social Sciences, Version 16.0, SPSS Inc., USA) with a level of significance of p = 0.05. We performed 2 (diagnosis)× 2 (valence) × 2 (attribution) repeated measures ANOVAs on the percentage of self-serving and non self-serving attributions and on the reaction times (RT). Planned post-hoc group comparisons regarding attributional biases and reaction times (RT) were performed by betweengroup independent t-tests comparing both groups as well as paired-samples t-tests comparing percentages of self-serving and non self-serving attributions. Within-group correlation analyses between attributional data and BDI, HAM-D, and RSES were performed using the Pearson product-moment correlation coefficient.
Image acquisition and preprocessing
Functional MR images were acquired on a Siemens Trio 3 Tesla system (Erlangen, Germany) using a standard echoplanar sequence. fMRI data were quality controlled, preprocessed, and analysed using FEAT (fMRI Expert Analysis Tool) Version 5.9, part of FSL (FMRIB's Software Library, www.fmrib.ox.ac.uk/fsl) with standard fMRI settings (for details on image acquisition and pre-processing see supplementary methods).
Subject level analysis was carried out using FILM (FMRIB's Improved General Linear Model). Analysis of functional data was dependent on the individual response given by a particular subject which determined the type of event. The general linear model (GLM) included four response-based event variables (external attribution of positive events, internal attribution of positive events, external attribution of negative events, internal attribution of negative events) that were convolved with a canonical hemodynamic response function. We have chosen the onset of the stimulus (sentence and response categories) as the onset time point and the RT as the duration of the event. Temporal derivatives and six rigid body movement parameters were included as nuisance variables.
Statistical image analysis
Whole-brain mixed effects analyses were performed with FLAME 2 (FMRIB's local analysis of mixed effects). Subject level contrast maps were entered into group-level one and two-sample t-tests. As in our previous study (Seidel et al., 2010 ) the main contrast of interest compared self-serving vs. non self-serving attributions. This contrast was composed of: [positive situation, internal attribution + negative situation, external attribution] vs. [positive situation, external attribution + negative situation, internal attribution], and is equivalent to a within-subject valence-attribution interaction effect. We evaluated this bidirectional contrast on a within-group and between-group basis. For completeness, other evaluated contrasts included task (all conditions vs. resting baseline), valence (positive vs. negative) and attribution (internal vs. external) and are presented in the online supplement.
We calculated correlations between neural activation ("self-serving" / "non self-serving" contrasts) and symptom severity in depressed patients as well as self-esteem in the whole group by including mean centred rating scale/questionnaire values as additional covariates of interest in the same model.
Based on previous evidence (Johnstone et al., 2007; Ochsner and Gross, 2005 ) the dorsomedial PFC seems to be a critical node involved in the appraisal of emotional events and regulation of affective responses. In order to explore interactions between the dorsomedial PFC and other brain regions, we conducted a PPI analysis examining differential connectivity during self-serving vs. non self-serving attributions. This seed was a 4 mm radius sphere defined around a local maximum (−6, 38, 24) of activation across groups in the contrast of interest (non self-serving > self-serving). More details on the PPI analysis are given in the online supplement.
Our prior results (Seidel et al., 2010) indicated neural activation in the dorsal striatum associated with self-serving attributions. Based on previous evidence in depression (Epstein et al., 2006; Pizzagalli et al., 2009) showing reduced rewardrelated responses in both the dorsal and ventral striatum, we decided to select the whole striatum as our a priori ROI. These two regions were anatomically defined using the HarvardOxford subcortical atlas at a threshold of 0.75 probability. Within these ROIs, we corrected for multiple comparisons using a small volume correction (p b 0.05, FWE corrected; (Friston, 1997) to identify clusters of at least 5 contiguous voxels.
For whole-brain analyses we corrected for multiple comparisons using a Monte Carlo method with AFNI AlphaSim (R. W. Cox, National Institutes of Health) at a z threshold of 2.33 and a probability of spatial extent at a p value b 0.05. For the PPI analysis, we decided to apply a secondary more liberal threshold of p b 0.001 uncorrected to increase sensitivity. This more liberal threshold reduces risk of type two error, while increasing risk of type one error, therefore we interpreted the findings based on this threshold as tentative and preliminary. Identified clusters were then labelled according to anatomical regions using the Harvard-Oxford atlas. Coordinates are reported in MNI space. Images are presented using Mango (J.L. Lancaster and J. Martinez, San Antonio, Texas).
Results
Behavioural data
The repeated measures ANOVA of attributional decisions showed a significant diagnosis × valence × attribution interaction (F(1,28) = 8.998, p = 0.006). To disentangle this interaction, we performed planned post-hoc comparisons to examine group differences regarding attributional biases. This revealed that controls show significantly (t(28) = 3.021, p = 0.005) more self-serving attributions (mean= 69.5%, SD = 11.39) compared to depressed patients (mean= 52.91%, SD = 17.05). Directly comparing the percentage of selfserving vs. non self-serving responses within each group revealed that controls are more self-serving (t(14) = 6.633, p b 0.001) whereas patients show a balanced attributional style (t(14) = 0.645, p = 0.529). These effects are illustrated in Fig. 1A . The repeated measures ANOVA on the RT showed no significant main effect of diagnosis (F(1,28) = 1.317, p = 0.261) indicating both groups responded equally fast. Also all interactions with the factor diagnosis (diagnosis by valence, diagnosis by attribution) remained non-significant. (For ANOVA main effects and interactions without the diagnosis factor see the online supplement).
In the within-group correlation analyses, we observed a positive correlation of self-serving attributions with self-esteem in controls (r = 0.616, p = 0.015, corr. p = 0.03) but not patients (r = 0.077, p = 0.784). In patients, symptom severity on the HAMD was negatively correlated with the percentage of self-serving attributions (r = − 0.54, p = 0.038, corr. p = 0.076). These correlations are illustrated in Fig. 1B . There were no significant correlations with RT data.
3.2. Imaging data 3.2.1. Self-serving vs. non self-serving Analysing within and between group effects of the selfserving vs. non self-serving contrast did not reveal significant activation within our a priori ROI but did show significant effects in the whole-brain analysis (Table 2) .
In healthy controls, we observed that neural activation in a left dorsomedial and a right ventrolateral PFC cluster is more associated with "non self-serving" than "self-serving" responses (see Table 2 ). The reverse t-contrast ("self-serving">"non selfserving") did not reveal any significant clusters. In depressed patients, however, neural activation in a middle cingulate cluster was stronger for "self-serving" than "non self-serving" responses (see Table 2 ). Here, the "non self-serving" > "selfserving" t-contrast did not reveal significant activation.
The group comparison regarding "self-serving" and "non self-serving" (i.e. the diagnosis × valence × attribution interaction) showed a significant interaction effect in the left temporal pole, the left dorsomedial and the right ventrolateral PFC (see Table 2 ). This interaction was driven by stronger activation for "non self-serving" judgments in healthy controls and "self-serving" ones in depressed patients. Fig. 2 illustrates this interaction effect.
Group differences in the general task contrast, internal vs. external attribution and positive vs. negative valence can be found in the supplementary online material. 
Table 2
Results of within and between group (depressed patients = DP, healthy controls = HC) analyses of attributional biases, including MNI coordinates and z-values of the peak as well as the cluster size (k). 
Correlation analysis
Correlation analysis on the whole brain level and in our a priori ROI did not reveal any significant associations of BOLD response with symptom severity or self-esteem values regarding the "self-serving" or "non self-serving" contrasts.
Connectivity analysis
In healthy controls the PPI analysis revealed four significant clusters in the right amygdala, the left caudate and the bilateral insula (see Table 3 ). All of these brain regions showed stronger coupling with activity in the dorsomedial PFC seed region Table 3 PPI analysis: clusters showing positive or negative PPI with the dorsomedial PFC during "self-serving" compared to "non self-serving" (depressed patients = DP, healthy controls = HC). MNI coordinates of the peak, cluster size (k), z-values and p-values (cluster level corrected, p b 0.05) are given. Only the highest peak is listed in the case of several confluent peaks. show that neural activation in a fronto-temporal network relates to non self-serving attributions in healthy controls (HC; N = 15) whereas in depressed patients (DP; N = 15) this activation is associated with self-serving attributions.
during "self-serving" than during "non self-serving" judgements (see Fig. 3 ). In depressed patients two clusters with negative z-values -in the right frontal pole and the right precentral gyrus -did not survive the whole-brain correction but did surpass an uncorrected threshold of z = 3.09 (see Table 3 ). These two brain regions showed a stronger coupling with activity in the dorsomedial PFC seed during "non self-serving" than during "self-serving". Directly comparing healthy controls and depressed patients did not reveal significant differences at a whole-brain corrected threshold, but at an uncorrected threshold of z = 3.09 several clusters remained significant (see Table 3 ). This group difference was driven by more positive z-values in healthy controls. In healthy controls compared to depressed patients, the bilateral insula, the left temporal pole, the left inferior temporal gyrus, the right amygdala and the left medial OFC showed increased coupling with activity in the dorsomedial PFC seed during "self-serving" compared to "non self-serving" and vice versa.
Discussion
Despite the critical role cognitive biases play in the pathogenesis of depression, the neural correlates remain sparsely investigated. This study used fMRI to investigate behavioural and neural correlates of causal attribution in major depression. We presented positive and negative social scenarios to a sample of controls and depressed patients and asked them to make causal attributions. On the behavioural level, controls displayed a pronounced self-serving bias (i.e. internal attribution of positive events and external attribution of negative events) whereas the attributional style of depressed patients was balanced. Imaging revealed an interesting interaction effect of group and attributional bias in a fronto-temporal network. This group difference was driven by non self-serving attributions in controls and self-serving attribution in depressed patients. Preliminary evidence from an exploratory PPI analysis showed an attribution-modulated coupling between the dorsomedial PFC seed and limbic regions, which was weaker in depressed patients than controls.
Depressive realism vs. self-serving bias
In controls, causal attribution was biased in a self-serving manner. Depressed patients showed a more balanced attribution pattern consistent with depressive realism (Moritz et al., 2007) . This group difference showed that depressed patients do not see the world through the proverbial "rose-coloured glasses" associated with self-serving tendencies in controls. Indeed, those with the greatest symptom severity exhibited a negative attribution bias. The negative correlation of the percentage of self-serving attributions and depressive symptom severity shows that with increasing symptom severity, depressive realism turns into a frankly non self-serving tendency. In contrast, controls are happily self-serving and those with more self-serving attributions also reported the greatest self- esteem. However, these correlations do not allow us to determine whether one or both causal directions are operating.
Conflictive attributions activate a fronto-temporal network in controls and depressed patients
Functional imaging revealed neural group differences that paralleled the behavioural differences in attributional style. This group difference in activation of the dorsomedial PFC, the ventrolateral PFC and the temporal pole was driven by non self-serving attributions in controls and self-serving attributions in depressed patients. It is notable that in each group, the less frequent attributional pattern was associated with greater activation within this network. This may reflect that in controls non self-serving and in depressed patients self-serving attributions are in greater conflict with the prevailing self-concept. This conflict may require higher degrees of cognitive control (Krusemark et al., 2008) to inhibit the prepotent tendency toward either self-serving or non selfserving responses, leading to greater recruitment of frontotemporal brain regions.
Such an interpretation is consistent with prior literature regarding the functions associated with these regions. The dorsomedial PFC has been associated with self-relatedness (Andrews-Hanna et al., 2010; Northoff et al., 2006) , and introspective self-referential processing (Gallagher and Frith, 2003; Schmitz et al., 2004) . In depressed patients this brain region has been implicated in mediating abnormal self-relatedness and the characteristically negative self-concept (Grimm et al., 2009; Lemogne et al., 2009 ). In addition to its role in selfrelated processes, the dorsomedial PFC is involved in conflict monitoring and cognitive control (e.g., Amodio and Frith, 2006; Etkin et al., 2006) . Similarly, the ventrolateral PFC has also been implicated in control-related processes such as response inhibition when a pre-potent response is withheld (e.g., Aron et al., 2004; Rubia et al., 2003) . Analogously, activation in the temporal pole may reflect higher effort in the retrieval of socially-relevant semantic knowledge (Zahn et al., 2007) when a less automated attributional decision is made. When taken together with prior results, our current findings suggest that depressed patients show a different pattern of activation in a fronto-temporal network during causal attributions due to the emotional context of their own negative self-concept, resulting in greater conflict when a self-serving judgment is made.
Prefrontal-limbic connectivity is modulated by attribution
The exploratory PPI analysis revealed a group difference in fronto-limbic connectivity modulated by attributional decisions. However, this finding should be considered preliminary given the liberal statistical threshold. Compared to controls, depressed patients showed decreased connectivity between the dorsomedial PFC seed and limbic regions including the amygdala during self-serving attributions. During non self-serving attributions, however, the PFC-limbic coupling was increased in patients.
We speculate that causal attribution may serve a regulatory function influencing emotional reactions to positive and negative events (Terbeck et al., 2008) . In response to positive events internal attribution may help induce a positive emotional reaction, whereas in response to negative events external attribution could prevent a negative emotional reaction (also called distancing). Therefore, the decreased PFClimbic coupling during non self-serving attributions, which was stronger in controls compared to patients, might reflect a stronger suppression of limbic activation by the PFC to enable distancing. This speculative interpretation is consistent with previous research suggesting that the PFC exerts a regulatory influence on limbic structures, such as the amygdala (Quirk and Beer, 2006; Urry et al., 2006) . Specifically, the dorsomedial PFC has been implicated in self-focused cognitive reappraisal (Ochsner et al., 2004 ; for a review see Ochsner and Gross, 2008) .
This modulation of connectivity was weaker in patients than controls, suggesting a disturbance of fronto-limbic regulation during the attribution process in depressed patients. This result parallels previously reported abnormalities in the suppression of limbic responses during the reappraisal of negative pictures in depressed patients (Johnstone et al., 2007; Sheline et al., 2009 ). However, this result is based on a rather liberal statistical threshold and therefore is tentative pending replication in larger samples.
Limitations and future prospects
This study has several limitations that should be noted. First, we were primarily interested in examining group differences in attributional biases; we therefore combined individual valence-attribution conditions into self-serving and non selfserving categories. We did not separately examine the effects of each individual condition, which would have been difficult given the small number of events in particular conditions for some of our subjects. Second, we did not replicate the finding from our previous study (Seidel et al., 2010) of activations in the striatum in healthy subjects associated with self-serving responses. Type II error may contribute to the lack of striatal effects in the current study: the current control sample was half the size of the previous sample. Furthermore, the current finding of an association between front-temporal activation and non-self serving attributions was not observed in the previous study. Differences in the control samples of the two studies may contribute to the difference in results. The first study included only college students, while the current study used a community control sample which was significantly older. Compared to the previous student sample, the current community sample also showed a more pronounced self-serving bias, associated with greater self-esteem. Future studies with larger samples of heterogeneous healthy subjects should seek to identify significant individual difference variables. Third, this study was not designed to evaluate effects of antidepressant medication on the processes studied. However, future neuroimaging studies should highlight how and where antidepressants influence the neural correlates of causal attribution.
Notwithstanding these limitations, the current study provides novel data on the neural correlates of causal attribution in major depression. Our results suggest that the attributional style of depressive realism seen in patients is associated with abnormalities in fronto-temporal brain regions. Specifically, increased activation to self-serving judgments in these regions may reflect conflict associated with such attributions; this stands in sharp contrast to the increased responses of these same brain regions to non self-serving judgments in controls. Furthermore, as suggested by the preliminary results of the exploratory PPI analysis, these changes may be related to alterations of fronto-limbic connectivity.
These results have implications for treatments of major depression, such as cognitive therapy, designed to reduce negatively biased causal attributions by facilitating reinterpretation of emotional events in a more positive way. Investigating the effects of psychotherapy and pharmacotherapy on fronto-limbic abnormalities elicited by causal attribution in depressed patients will be an important avenue for future studies.
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